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The techniques for reconstruction of the posterior cruciate
ligament (PCL) are still being developed. There are some
options when choosing a graft for PCL reconstruction. The
bone tendon bone (BTB) and semitendinosus and gracilis
tendons (STG) are widely used, but both have advantages
and disadvantages. Each result after ligament reconstruc-
tion has been reviewed. However, few studies, in which the
same surgeon has conducted the same rehabilitation pro-
gram using the same bone tunnel, have compared post-
operative results between BTB and STG. It remains to be
clarified whether the results differ according to graft mate-
rials and their fixation between the two techniques [1-5].
We performed anterolateral single bundle reconstruc-
tion of the PCL using BTB and STG in a total of 30 cases,
and the courses of the patients were observed for over
one year. The postoperative results of PCL reconstruction
using BTB and STG were compared and studied retro-
spectively. The purpose of the present study was to clarify
the features of the two surgical methods and to explore
the problems associated with these procedures and mea-
sures that could be used to improve them.Materials and methods
Thirty patients who had undergone PCL reconstruction
and had been followed-up for more than twelve months
were the subjects of this study. Our retrospective study
included 14 patients treated with the transtibial tech-
nique using bone patellar tendon bone (BTB group) and
16 patients who underwent the transtibial anterolateral
single-bundle technique using semitendinosus and graci-
lis tendons (STG group).* Correspondence: you.maru@nifty.com
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distribution, and reproduction in any mediumThe study population comprised 13 men and 1 woman
in the BTB Group, and 12 men and 4 women in the
STG Group. The mean length of follow-up was 35.0±40.0
months (12–156) in the BTB group and 23.5±14.7 months
(12–62) in the STG group. The mean time from injury to
surgery was 24.1± 33.3 months (2–125) in the BTB group
and 23.4±37.5 months (1–144) in the STG group. At the
time of the operation, the mean age was 31.1± 7.7 years
(19–43) in the BTB group and 35.1± 9.4 years (19–54) in
the STG group. The cause of injury included 4 motor ve-
hicle accidents, 6 sports injuries, and 4 accidental fall in the
BTB group and 7 motor vehicle accidents, 3 sports injuries,
and 6 accidental falls in the STG group. Other associated
ligamentous injuries; i.e., posterolateral corner laxities
(6 cases), were treated with grafts from the iliotibial tract
(2 cases) or hamstrings tendons (4 cases) (Table 1).Clinical evaluation
The posterior drawer test was performed with the knee
at 90° of flexion and the tibia in a neutral position. This
is done by determining the distance of the medial tibial
plateau from the medial femoral condyle. The tibia is
normally located approximately 1 cm anterior to the
femoral condyles in a resting position (Grade 0). Patients
with Grade 1 injuries have a palpable but diminished
step off. Patients with Grade 2 injuries have lost their
step off, but their medial tibia plateau cannot be pushed
beyond the medial femoral condyle. Patients with Grade
3 injuries have lost their medial step off, but their medial
tibial plateau can be pushed beyond the medial femoral
condyle (Figure 1).
Stress radiographs were analyzed according to the mid-
point displacement rate, as described by Murase et al. [6].
In this method, the lateral view was imaged with the knee
at 90° of flexion and under the maximum backward man-
ual load. When the anteroposterior diameter of the tibialtral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
Table 1 Profile of patients
BTB group STG group
Average time from injury to
surgery
24.1 ± 33.3 months
(2–125)
23.4 ± 37.5 months
(1–144)
Average age at surgery 31.1 ± 7.7 years
(19–43)
35.1 ± 9.4 years
(19–54)
Average length of follow-up 35.0 ± 40.0 months
(12–156)
23.5 ± 14.7 months
(12–62)
Cause of injury
Motor-vehicle accident 4 7
Sports 6 3





Figure 2 Mid-point displacement rate: When the anteroposterior
diameter of the tibial plateau was taken as A and the
anterior distance of the midpoint of a perpendicular line
drawn to A from the lowest point of the medial and lateral
femoral condyles was taken as B, and B/A x 100 was 45%
or less, PCL injury was diagnosed.
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midpoint of a perpendicular line drawn to A from the
lowest point of the medial and lateral femoral condyles
was taken as B, and B/A was 45% or less, PCL injury was
diagnosed (Figure 2).
A subjective clinical assessment was performed using
the Lysholm score. Patients were excluded if their follow-
up lasted less than 1 year. All PCL reconstructions were
performed by one surgeon (Y.M.). Statistical analysis was
performed using the unpaired t - test (2-tails).
The KT-2000 arthrometer was used to evaluate the
side-to-side difference of anteroposterior laxity at 30
degrees of flexion in the BTB group(8 cases) and the STG
group(10 cases).
Operative technique
BTB group: The patients underwent an arthroscopically
assisted anterolateral single-bundle PCL reconstruction.
A transtibial guide pin was placed slightly lateral of the
tibial footprint from the anterolateral cortex of the prox-
imal part of the tibia. Its position was verified with
intraoperative fluoroscopy. Then, a tibial tunnel of
10 mm in diameter was drilled. A femoral guide pin wasFigure 1 Posterior drawer test: This is done by determining
the distance of the medial tibial plateau from the medial
femoral condyle at 90˚ flexion while a posterior load is
applied to the tibia.inserted from the medial epicondyle at the two o’clock
position in the right knee, 8 to 9 mm proximal to the ar-
ticular junction. A femoral tunnel of 10 mm in diameter
was then created. A bone patellar tendon bone (BTB)
autograft of 9 mm in diameter was passed through the tib-
ial tunnel and into the femoral tunnel. Aperture fixation
of a bone plug was performed as close as possible to the
exit of the tibial bone tunnel. At the time of the graft
fixation, Knee position is 10 degrees in flexion. The
graft was tensioned with manual maximum stress and
fixed with cannulated interference screws (RCI, Smith
& Nephew) to the femoral and tibial sides with the
outside-in technique.
STG group: Tibial and femoral tunnels were made in
the same manner as described for the BTB group. Suture
disc was attached to the quadrupled hamstring tendon
autograft for femoral fixation. The prepared graft of 9 or
10 mm in diameter was pulled through the femoral tun-
nel and into the tibial tunnel. The graft was then ten-
sioned with manual maximum stress and fixed with the
post screw technique to the tibia. Knee position is 10
degrees in flexion same as BTB group.
Figure 4 Clinical results of the mid-point displacement rate in
pre- and postoperative BTB and STG groups.
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The rehabilitation program and weight bearing period
were the same for the 2 groups. A knee brace was applied
postoperatively with the knee in full extension. A func-
tional PCL brace was fitted at 2 to 12 postoperative weeks.
Partial weight bearing using 2 crutches was allowed from
the next operative day. Weight bearing was gradually
increased to full weight bearing at 3 weeks. Full ADL was
allowed from 3 months. Jogging and low impact sports
began at 6 months. A full return to sports was allowed
from 8 to 12 months depending on the patient.
Ethical approval and consent
Written informed consent was obtained from the pa-
tient for publication of this report and any accom-
panying images.
Results
In the BTB group, on the Posterior drawer test, 7 knees
(50%) were Grade 0, and one knee each was Grade 2 and
3, respectively. In the STG group, only 2 knees were
Grade 0, and all of the others were Grade 1.In the BTB
group, favorable stability was achieved in half of cases, but
unfavorable cases were also present. In the STG group,
slight elongation was noted in all cases, but none of it was
markedly unfavorable (Figure 3).
On stress X-ray radiographic measurement, the value
was improved from 36.9% before surgery to 53.1% after
surgery in the BTB group and from 39.4 to 51.4% in the
STG group, showing no significant difference between
the groups (Figure 4).
Similarly, the Lysholm score was improved from 53.5
points before surgery to 88.0 points after surgery in the
BTB group and from 55.6 to 86.8 points in the STG
group, showing no significant difference between the
groups (Figure 5).
The mean side-to-side difference of the anteroposter-
ior laxity as measured with KT-2000 arthrometer wereFigure 3 Clinical results of the posterior drawer test in pre- and
postoperative BTB and STG groups.improved from 5.5 mm before surgery to 1.6 mm after
surgery in the BTB group and from 5.6 mm to 1.8 mm
in the STG group. However, we excluded this data from
the object of the final evaluation because it was not
all cases.
Patients with combined PCL and posterolateral corner
laxities (6 cases) who simultaneously underwent recon-
struction with modified Larson method showed im-
provement from 33.5% before surgery to 52.4% after
surgery on stress X-ray radiographic measurement, there
was no difference from the patients with PCL recon-
struction alone.
Typical case 1 (BTB group): A 48-year-old male was
injured in a traffic accident. His clinical characteristics
were as follows: posterior drawer test, Grade 2; midpoint
displacement rate, 38.5%; and Lysholm score, 65 points.
At 28 months after surgery, his results for the above
parameters were Grade 1, 50.2%, and 93 points, respect-
ively (Figure 6).
Case 2 (STG group): A 35-year-old female was injured
by a fall. Her clinical characteristics were as follows: pos-
terior drawer test, Grade 2; midpoint displacement rate,Figure 5 Functional results of the Lysholm score in pre- and
postoperative BTB and STG groups.
Figure 6 Case 1 (BTB group). A 48-year-old male was injured in a
traffic accident. The preoperative posterior drawer test was Grade 2,
mid-point displacement rate was38.5%, and Lysholm score was 65
points. At 28 months after surgery, his results for the above
parameters were Grade 1, 50.2%, and 93 points, respectively.
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surgery, her results for the above parameters were Grade
1, 51.0%, and 87 points, respectively (Figure 7).Discussion
Although the current outcomes of PCL reconstruction are
unsatisfactory, it is often necessary to resolve problems
associated with daily living activities and sports motions.
Our indications for surgery were cases categorized as
Grade 2 or 3 on the posterior drawer test that were
under conservative treatment and involved patients suf-
fering from problems associated with daily living activ-
ities and functional and sport motions.
In transtibial single-bundle reconstruction using BTB or
STG, problems including killer turns and postoperative
time-course elongation remain. It remains to be clarified
whether the results differ according to graft materials and
their fixation between the two techniques.
All surgical procedures were performed during the same
period, but the surgical procedure was not randomly
selected. Rather, it was decided after consultation between
the operator and patient.Figure 7 Case 2 (STG group). A 35-year-old female was injured
due to a fall. The posterior drawer test was Grade 2, mid-point
displacement rate was 32.5%, and Lysholm score was 60 points.
At 17 months after surgery, her results for the above parameters
were Grade 1, 51.0%, and 87 points, respectively.Harner et al. classified graft choices for PCL reconstruc-
tion into autografts (BTB, STG, and quadriceps tendon)
and allografts (Achilles tendon and BTB). The approaches
were classified into single and double bundles, and graft
placements were classified into the tibial tunnel and tibial
inlay methods [7]. In Japan, autografts of the BTB and
hamstring are generally used.
Regarding the approach, Kohen et al., systematically
reviewed biomechanical and clinical studies of PCL recon-
struction involving single and double bundles and con-
cluded that at present it is unclear whether its outcomes
are superior to those of previous methods [8].
Since Berg et al [9]. first reported it in 1995, the tibial-
inlay method has been considered to be theoretically ad-
vantageous in many reports from Western countries such
as that reported by Wind et al [10]. because it does not
produce killer turns and more closely duplicates the nor-
mal PCL anatomy [11-13]. However, it has not yet become
common in Japan because allografts cannot be freely used
and posture changes during surgery are complex.
Therefore, we performed conventional anterolateral
transtibial single-bundle reconstruction of the PCL using
BTB and STG until now, so we compared the outcomes of
both methods with the aim of minimizing complications.
When the BTB is used as the graft source, the fixation
force is strong because the graft is fixed bone-to-bone
with interference screw, which is advantageous; however,
it can cause the following problems: muscle weakness of
the graft-harvest region, pain around the patellofemoral
joint, and wear of the graft caused by sharp angulation
at the posterior opening of the tibial tunnel (killer turn).
Regarding STG, hamstring tendon grafts can be har-
vested easily and the soft tissue end of the graft allows it
to be easily passed through the tunnel, but graft fixation
is inferior, the tendency for graft elongation over time
has been reported. The same risk of killer turn is present
also in the use of the STG graft, but STG involves eight
bundles, and, hence, pressure is estimated to be dis-
persed even if the angle suddenly changes.
In the BTB group, the grade was unchanged in 2 cases:
a Grade-3 case and a Grade-2 case, suggesting the pres-
ence of re-rupture due to wearing or elongation of the
graft. However, the other outcomes of the BTB group
were relatively favorable.
Therefore, we have attempted to minimize the pro-
blems of killer turn at the tibial tunnel by creating an
anterolateral tibial bone tunnel, chamfering a tunnel exit
as much as possible, preparing a cylindrical bone block
into a column in order to fill the space between the graft
and tunnel wall, and placing the bone fragment close to
the posterior opening of the tibial tunnel [14,15].
In this study, the subjects included patients who sim-
ultaneously underwent treatment for posterolateral cor-
ner laxities, but there was no difference in the outcome
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reconstruction alone.
Since the study was not prospective, short follow-up
period, and the number of patients was small, precise
comparison of the outcome is impossible at present, and
so further evaluation is necessary.
Conclusion
1. We compared the clinical results of two groups
treated with anterolateral single-bundle
reconstruction of the posterior cruciate ligament
using the BTB or STG method with short term
follow-up(a minimum of 12 months).
2. Post-operative outcome of the BTB group was
relatively favorable except 2 cases. Excellent stability
and fair results were obtained in the BTB group. The
STG group showed slight residual knee laxity in all
cases, but there were no complete failures.
3. Several techniques have been advocated to minimize
the problem of killer turn in the BTB method.
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